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ABSTRACT
In this paper, we focus on the artificial VLF radio wave and show the result of the evaluation of the s ignal intensity
decrease by the effect of ionospheric fluctuation, which is regarded as a sign phenomenon of earthquake occurrence.
This paper also describes the mission design of Prelude (Precursor electric field observation CubeSat demonstrator)
which is aiming at elucidation of the precursory mechanism of earthquake, and the development situation of hybrid
sensor (electric field and plasma measurement) which is a mission instrument.
We focused on the artificial VLF wave, in which the electromagnetic wave itself does not affect the ionosphere, and
examined the relationship between the degree of electric field intensity decrease by the artificial VLF wave and the
magnitude of the earthquake. And, by using lightning data of WWLLN (World Wide Lightning Location Network),
the relation between change of generation number and energy and earthquake was evaluated.
We have developed a CubeSat (6U Size) that is easy to mass-produce. However, the electric field measuring
instrument and plasma measuring instrument mounted on the Demeter (130 kg large satellite) are each more than 1
U in size. There are also no sensors for CubeSats that can be observed simultaneously. Therefore, we are working on
the development of the hybrid sensor of 1U size or less which can measure electric field and plasma simultaneously
on the orbit.
promising precursor for the prediction of earthquakes and
the elucidation of the physical mechanism of earthquakes.

1. INTRODUCTION
On June 29, 2004, France launched DEMETER
(Detection of Electro Magnetic Emissions Transmitted
from Earthquake Regions) to observe magnetic and
electric field fluctuations in the earth's ionosphere, which
are considered to be one of the precursors of earthquakes.
Based on the evaluation of the observation data, Němec,
Pisa and others showed that the radio wave intensity in the
1.7 kHz band within a radius of about 500 km from the
epicenter had decreased by about 4 ~ 6 [dB] within about 4
hours before the occurrence of an earthquake of magnitude
4.8 or greater at a depth of about 40 km that occurred at
night 1) 2) 3) ． Kamogawa et al. considered that the
mechanism of ionospheric variation was caused by
changes in the ionosphere, and by analyzing the electric
field strength variation of electromagnetic waves from
lightning, it was shown that the electron density in the D
region of the ionosphere (about 90 km altitude) rose by 20
~ 30% compared with the normal state by analyzing
electromagnetic waves from lightning4). Therefore,We are
looking forward to geomagnetic phenomena (ionospheric
electron density variation), where the temporal and spatial
correlation of earthquake occurrence is especially high.
And ,The decrease in the intensity of electromagnetic
waves in the VLF band at night is considered to be a
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So, In order to elucidate the generation mechanism of io
nospheric fluctuation phenomena preceding earthquake
s, we are developing a microsatellite Prelude (Precursor
y electric field observation CubeSat demonstrator) that
can observe electromagnetic waves originating from lig
htning, artificial VLF electromagnetic waves, and TEC
(Total Electron Content), which represents the total nu
mber of electrons in the ionosphere (Fig.1).

Fig.1 Prelude (Precursory electric field observation
CubeSat demonstrator)
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electromagnetic waves. Because the cutoff frequency
coincides with the first-order cutoff frequency of the
Earth-ionosphere waveguide mode electromagnetic
wave propagation at nighttime, it was inferred that this
phenomenon may be caused by a drop in ionospheric
altitude and a change in the cutoff frequency before an
earthquake.8)
Statistically, night-time observation data indicated that
ionospheric fluctuations occurred in the ionospheric
region within 500 km of the epicenter within 4 hours of
the earthquake occurrence.

This paper describes the relationship between the signal
intensity change of the earthquake preceding phenomenon
and the magnitude of the earthquake using the artificial
VLF wave. In addition, the bus and mission design of the
satellite is described. Therefore, in Chapter 2, we describe
the VLF band electromagnetic wave intensity reduction
due to the effect of ionospheric fluctuation just before the
occurrence of an earthquake, which is promising in
previous research. Chapter 3 shows the relationship
between signal intensity changes and earthquakes when
focusing on artificial VLF electromagnetic waves. In
addition, in order to distinguish whether the phenomenon
is caused by an earthquake or not, it is evaluated whether
the earthquake preceding phenomenon is related to the
activity of thunder. Chapter 4 describes the mission design
of this satellite from the analysis up to Chapter 3. In
addition, the current status of the bus design as a CubeSat
which can adapt to the mission is shown. Finally, Chapter
5 shows the development status of mission sensors and
discusses future developments.

In summary, the features of the precursors that are
currently promising are as follows.
I.

The change in ionosphere (D region) that occurs at
night.
II. Events within 4 hours of earthquake occurrence.
III. The variation occurring within a radius of 500 km
from the epicenter.
IV. Events occurring in response to earthquakes of
magnitude 4.8 or greater.
V. The VLF band signal at 1.7 kHz decreased
markedly by more than 3 σ.

2. PRIVIOUS RESEARCH
2.1 DEMETER Satellite 5)
The French satellite DEMETER was launched in June
2004 and remained in a quasi-zenith-synchronous circul
ar orbit (10:30 to 22:30 LT) with an inclination of 98° a
nd an altitude of about 700 km until 2010 6). It performs
14 orbits per day and the instruments are nearly continu
ously powered at geomagnetic latitudes between -65° to
+65° thus providing a very good coverage of the Earth’
s seismic zones. Therefore, they provide very good covera

3. ANALYSIS THE ARTIFICAIL VLF RADIO
WAVES
3.1 Signal strength change of artificial VLF
electromagnetic wave
From the analysis of the data of the DEMETER satellite,
the features of the precursory phenomena of the
earthquake were obtained. However, the physical
mechanism of the precursory phenomena has not been
clarified, and it has not been discriminated whether it is
"the effect of the earthquake" or "other factors".
Therefore, the electric field intensity fluctuation is
considered to be the disturbance of ionosphere by
lightning activity. In order to solve this problem, we
compared the signal strength just before the earthquake
occurrence with the accumulated lightning energy using
the lightning occurrence data of WWLLN (World Wide
Lightning Location Network). We also focused on
artificial VLF radio waves, in which electromagnetic
waves themselves do not affect the ionosphere, in order
to show the easiness to grasp phenomena by viewing
them in a way that is not electromagnetic waves derived
from lightning.

ge of the Earth's seismic zones; Němec and Pisa, for exam
ple, use ICE7) electric field data, especially measurements i
n the VLF band (from 15 Hz to 17.4 kHz). The power spe

ctra of one component of the electric and magnetic field
s are calculated on-board with a frequency resolution of
19.5 Hz and a time resolution of 2 s, regardless of the s
atellite's operating mode. For the data set uses over two
and a half years of satellite observations, which is about
11,500 hours of observations in about 2,000 1/2 orbits.
the USGS catalog (http://neic. usgs.gov/neis/ epic/epic_
global.html) shows that there were approximately 9,000
earthquakes of magnitude 4.8 or greater worldwide dur
ing the analysis period.
2.2 Ionospheric fluctuations preceding earthquakes
Pisa et al. used data from Demeter to focus on Heusler
waves, electromagnetic waves from lightning. As a
result, it was shown that the signal intensity of
electromagnetic wave just before the earthquake
occurrence decreased by more than 3σ.7) In particular,
the intensity of electromagnetic waves in the 1.7 kHz
band has remarkably decreased, and an abnormality in
the ionosphere (D region) at an altitude of 80 ~ 90 km
is considered from the critical frequency condition of
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3.2 Seasonal variations of artificial VLF-band
electromagnetic waves
In this study, we use DEMETER observation data to
look at variations in the signal strength of artificial
VLF-band electromagnetic waves. The target
electromagnetic wave is focused on the NWC (19.8
2
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kHz) radio wave near Australia, which can be observed
prominently in the artificial VLF band. Electromagnetic
waves observed from satellite orbits need to take into
account the geomagnetic conditions of the space
environment and seasonal variations. For this reason,
averaged graphs of signal intensity at satellite passages
not immediately before earthquakes are shown in the
Fig.2 from one year of data in 2009 according to the
following conditions.
Table 1:

The degree of variation in the electric field
strength of artificial VLF radio waves at each
frequency just before the occurrence of an earthquake
of M5.0 or greater.
Table2:

Analysis
(32 Orbits)

Degree of
decrease

On-orbit data conditions

Depth
Magnitude
Longitude
Latitude
Kp Index

Band (Artificial
Radio waves)

Nighttime
Spring (Mar., Apr., May),
Summer (Jun., Jul., Aug.),
Autumn (Sep., Oct., Nov.),
Winter (Dec., Jan., Feb.)
40 km
M5.0 or more
-10 ≦Long≦ +10 [deg]
-10 ≦Lat≦ +10 [deg]
Quiet (0, 0+, 1-, 1),
Moderate (1+, 2-, 2, 2+),
Disturbed (3- ~)
NWC (Australia ) 19.80 [kHz]

%
50.000
15.625
12.500

3.3 Seismic and Lightning Activity
In Section 3.2, we discussed the signal strength
fluctuations of artificial VLF electromagnetic waves; in
Section 3.3, we will evaluate whether the decrease in
signal strength of electromagnetic waves due to
ionospheric fluctuations is related to lightning activity
or not. We believe that this will be a step toward
separating phenomena previously thought to be
precursors to earthquakes into seismic or other effects.
The WWLLN data is acquired from the onset energy at
the location of the lightning event, and the waveform is
sampled at 1.3 ms between 7 and 18 kHz. In this study,
the DEMETER orbit data that passed just before the
earthquake was used as the seismic orbit for the
earthquake off South Sumatra (2010/03/05, M6.2) as a
case study analysis. Orbit data within ±3 degrees of
latitude and longitude and within ±15 days of the main
earthquake, when no earthquake occurred, were used as
reference data.According to the above conditions, the
signal strength of the NWC is shown in Figure B of Fig.
3. The horizontal axis represents the satellite transit
time, where the moment of time 0 is the time when the
nadir point of the satellite passed the epicenter. Error
bars are attached to the mean line of the reference data
(red) to see how much the seismic orbit data has
decreased from the mean line, which shows a decrease
of more than 3σ. Figure A in Fig. 3 shows the energy
data of lightning generated by extracting data within
1000 km from the nadir point of the orbit at the time of
each orbit passage. The energy data is the integrated
energy every 1.5 minutes, and the data for each orbit is
superimposed.

Fig.2 The average line of the electric field strength of the artificial
VLF radio wave (19.8 kHz) in each season and geomagnetic state
(Kp{0,0+,1-,1})

The red line in Fig. 2 shows the electric field strength
of the artificial VLF radio wave under normal
conditions (when no earthquake occurs). The blue,
green, and orange lines indicate the degree of anomaly
({-σ, -2σ, -3σ}), respectively. The signal intensities
obtained from orbits not immediately before the
earthquake are superimposed on the signal intensities
obtained from orbits immediately before the earthquake.
The results show that DEMETER has observed 32
earthquakes of M5.0 or greater that meet the conditions
of Table 1.0 in one year. Of these, 25 showed a
decrease of more than σ (Table 2).
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Total
16
5
4

Based on the above results, we believe that the decrease
in signal strength cannot be explained by coincidence,
since it was observed at least 13/32 times within one
hour of the earthquake occurrence. In the future, we
aim to explain this phenomenon as a precursor to
earthquakes by statistically comparing orbits where no
earthquakes have occurred.

Conditions
Time
Season

-σ
-2σ
-3σ

Occurrence time of
antecedent
phenomenon
1h 2h 3h 4h
10
1
2
3
2
0
3
0
1
1
0
2
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4.2 Earthquake magnitude and number of
observations
The mission of this research is to capture the signal
intensity fluctuation influenced by the ionospheric
fluctuation and the ionospheric fluctuation just before
the earthquake occurrence by the satellite. Fig.4 shows
the distribution of earthquakes with magnitudes greater
than 7.0 that occurred between 2000 and 2011. In
addition, Fig. 5 shows the number of observed
precursors that can be observed over the time course of
satellite operations, assuming that the probability of
signal intensity reduction due to an earthquake is one in
three from previous studies.4)

Fig.3 NWC signal strength fluctuations (graph in A) and
accumulated lightning generation energy using WWLLN data
(graph in B) using the South Sumatra earthquake on 3/5/2010 as
a case study.

As a result of the above, it was observed that the signal
intensity decreased only in the orbit immediately before
the earthquake around the time of passage of the nadir
point on the orbit at 0 second, while the accumulated
lightning generated energy did not change from the
lightning generated energy at the time of the reference
orbit. Therefore, we believe that this result is consistent
with the fact that, at least from this graph, the
earthquake precursor phenomenon is not caused by
lightning activity. In the future, we will examine
whether or not lightning activity is statistically related
to earthquake precursor phenomena by comparing
reference orbits in Section 3.2 and analyzing transit
time trends in energy and number of occurrences using
two years of WWLLN data from 2009 to 2010.

Fig.4 Number of earthquakes of M7 or greater between 20002011

4. DESIGN THE PRELUDE SAT
4.1 Prelude-Sat Mission
The Prelude satellite acquires VLF band signals
affected by ionospheric fluctuations, which are
considered to be a promising precursor to earthquakes.
In addition, the satellite is equipped with a GNSS
receiver to observe the total number of electrons in the
ionosphere in order to observe the increase in electron
density, which is considered to be one of the
mechanisms of ionospheric fluctuations. We are
developing a CubeSat, to elucidate the mechanism of
precursor phenomena of earthquakes through satellite
observations and to conduct tight-lattice observations in
the future. The CubeSat is a 6U size satellite, which is
specialized to observe only the signal strength analysis
of ionospheric fluctuation and TEC information to
know the ionospheric condition, while the conventional
satellites, DEMETER and China's CSES, are larger
than 100 kg.
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Fig.5 Prelude (Precursory electric field observation
CubeSat demonstrator)

Therefore, the number of earthquakes of M5.0 or
greater that can be observed in one year is about 100 for
global observations. Assuming a two-year satellite
operation, this means that we can obtain analysis data
immediately before the occurrence of more than 200
earthquakes. In addition, from the above discussion, the
Success Criteria for this satellite are as follows , and we
show the payload specifications in Table.3.
I.

4

Minimum Success
A) To be able to detect earthquake preceding
phenomena by conducting VLF band
observation at a sampling frequency of 40
kHz for earthquakes with a magnitude of 4.8
or more. Observation data for at least 10
36th Annual Small Satellite Conference

earthquakes can be confirmed at ground
stations.
II. Full Success
A) Extension boom is extended, and measurement
and downlink by VLF sensor are maintained
for 2 years.
B) The satellite should be capable of
spectralization of observation data with a
spectral resolution of 1024 points (minimum
256 points) during nighttime observation and
daylight hours (except for communication
time with the ground station) for one year,
and obtain data on ionospheric variations
depending on the season. At least 100 events
of observation data can be confirmed by the
ground station during a year.
III. Extra Success
A) At least 200 events of observation data can be
confirmed by the ground station during two
year.
Table3:
Specification Items

Fig.6 Prelude System Diagram

The satellite performs observation by extending a
mission sensor by a boom. Therefore, this satellite is
equipped with an HRM mechanism, and a mechanism
such as Fig. 7 was developed. It was designed to enable
the payload for electromagnetic observation by CubeSat.

Payload Specifications
(technical) specification

Input orbit

sun-synchronous sub-recurrent orbit

Satellite altitude

500 ~ 700km

Launch method

piggyback system

Dimension

100mm×226.3mm×366mm

Mass

Almost 6 ~ 7kg

Communication
bandwidth

Uplink: S-band
Downlink: S-band

Mission Period

Two years and three months
Fig.7 HRM (Hold Release Mechanism), Left: before deployment,
right: after deployment

4.3 System Diagram and Operational Sequence
The system diagram of this satellite is shown in Fig. 6
below. In this satellite, C & DH (Command & Data
Handling) is made to be a top system (control tower),
and each system has a role of controlling according to
sequence, operation mode, and uplink. The mission of
this satellite is to judge the sunlight of the satellite. if
the judge is nighttime, prelude observes the data and the
judge is sun time to analyze the data observed (MIS
system). Each equipment is used in accordance with the
operation sequence, and the electricity generated is
21.15 Wh and the power consumption is 20.15 Wh, so
that the electricity balance is in the black.
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5. MISSION SENSOR DEVELOPMENT
This satellite observes the signal intensity of VLF
band and electron density and electron temperature on
the orbit in the solar synchronous quasi-regression orbit
at 500 ~ 700 km altitude. The deviation of the charge
distribution caused by the penetration of the
electromagnetic wave causes the electric field. And,
since the mass of electron and ion is different, there is a
case in which the charge deviation occurs in the plasma.
Therefore, it is necessary to measure the value of
plasma parameter (electron density, electron
temperature, ion density, ion temperature) in order to
correctly measure the radio wave intensity in the
plasma. In addition we require electric field data
equivalent to that of DEMETER, and 40 kHz sampling
is performed. Therefore, electric field sensor and
Langmuir probe which measure the electromagnetic
wave in the space environment with high sensitivity are
required. If a satellite weighs more than 100 kg (50 cm
5
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cubic or more), such as a demeter, these electric field
sensors and Langmuir probes can coexist. On the other
hand, the CubeSat has not been used to measure radio
waves and plasma at the same time as satellites over
100 kg. If CubeSats can measure radio waves and
plasma like conventional scientific satellites, the cost of
satellite development will be lowered, and it will be
easier to carry out dense research such as constellation
observation by launching many satellites at the same
time.Therefore, we are developing a hybrid sensor that
combines the functions of an electric field sensor and a
language sensor.
The observation frequency is 40 kHz. This raw
observation data is called Burst mode, and the acquired
analog data is converted to digital data, and FFT
analysis is performed during daylight hours to calculate
the spectrally resolved signal intensity. This data is
called Survey data, and the time resolution is 1 Hz.
Prelude also functions as a Langmuir sensor,
continuously measuring the electric field for 9.5
seconds and the plasma for 0.5 seconds. To realize this
function, we are considering controlling the
maintenance and change of the Probe sensor's potential
by a current generator. Therefore, we are developing
the sensors shown in Fig.7 and Fig.8 below.

electrode potential, acquires and records data, and
derives electron, ion density, and temperature.
Conclusion
In this paper, it is shown that the artificial VLF
electromagnetic wave is likely to be affected by
ionospheric fluctuation which is considered as a
precursor of earthquake. In addition, by looking at the
relationship between thunder activity and earthquake as
an example, no change was observed in the
accumulated thunder generation energy, and it was
considered that there was no contradiction in separating
thunder activity from earthquake. Finally, this paper
describes the examination of design design in the
present satellite development, and it shows that the
design which can be established as a scientific
observation satellite in future CubeSat observation is
carried out.
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